The gene encoding human neuroblastoma apoptosis-related RNA binding protein (NAPOR) has rat and mouse homologues, Etr-r3 and mNapor, cloned recently by ourselves and others. Etr-r3/mNapor is transcribed in embryonic brain but its detailed expression patterns are unknown. It has been hypothesised that its expression coincides with the occurrence of programmed cell death, but existing expression data are insufficient to evaluate this possibility. We used northern blots and in situ hybridisation to show that Etr-r3/mNapor is expressed by most postmitotic differentiating cells throughout the forebrain during embryogenesis and the first weeks of postnatal life. Expression is particularly high in the developing cerebral cortex, in nuclei of the ventral telencephalon, in dorsal thalamus and in hypothalamus. In contrast, Etr-r3/ mNapor is expressed by very few cells in proliferative regions, where cell death rates are highest. q
Results and discussion
RNA binding proteins are thought to play crucial roles in development, regulating post-transcriptional processes including alternative splicing, polyadenylation and capping of pre-mRNA, regulation of mRNA stability, and intracellular localisation of mRNA (Siomi and Dreyfuss, 1997) . There are two main gene families encoding neural RNA binding proteins, the embryonic lethal abnormal vision (elav) gene family and the musashi (msi) gene family (Richter et al., 1990; Nakamura et al., 1994; Sakakibara et al., 1996) . Their functions are poorly understood.
We cloned a 4.2 kb rat cDNA containing a 1474 bp open reading frame (ORF) with 94% homology to human and Xenopus laevis sequences encoding ETR-3, an ELAV-like RNA binding protein. The putative protein was named ETR-R3 (ELAV-type RNA-binding protein rat type 3; GenBank NM_017197). It had a predicted molecular weight of 52 kDa, confirmed by in vitro transcriptiontranslation of the clone in the presence of 35 S methionine (not shown). Northern blots of RNA from heart, lung, spleen, testis, kidney, liver, spleen, thymus and brain of postnatal day 1 (P1) and P10 rats probed with an Etr-r3 sequence revealed expression only in brain (not shown), confirming reverse transcription-polymerase chain reaction (RT-PCR) data in Choi et al. (1999) . The mouse homologue of Etr-r3 was isolated by RT-PCR and was 98% homologous to Etr-r3 at the nucleotide level. It was also cloned by Choi et al. (1999) , who named it mNapor (GenBank AF_090697) due to its homology with human NAPOR. Prenatal expression from embryonic day 7 (E7) to E17 was detected with northern blots by Choi et al. (1999) . We used a digoxigenin labelled riboprobe that recognised the ORF of Etr-r3/mNapor to probe whole mounts and sections of mouse brains from E9 to birth. Whole mounts up to and including E12 showed expression in the developing forebrain (Fig. 1A,B ). Patterns were similar throughout this period: staining was most intense in ventrolateral telencephalon (Fig. 1B) , less intense in hypothalamus (Fig. 1B ) and weak in diencephalon (Fig. 1A) . Sections through the brains of embryos aged E9-E15 confirmed expression in ventral telencephalon, including the amygdaloid area and the ganglionic eminences, and hypothalamus (Fig. 1C,D) . In these regions, label was present in most differentiating cells but in few proliferating ventricular zone cells (Fig. 1C,D) . A clear example of this was seen in developing cerebral cortex, where the strongest label was in the most highly differentiated cells in subplate, cortical plate and marginal zone (Fig. 1E) . In diencephalon at E12 and earlier, only a few cells at the pial surface were labelled, but the numbers of expressing cells increased between E12, by which age most diencephalic neurons have been generated (Warren and Price, 1997) and E15 (Fig. 1C) . By E19, staining was widespread in the forebrain, being most intense in cortex, including hippocampus, neocortex and entorhinal cortex (Fig.  1F,G) , and intermediate throughout ventral telencephalic nuclei of the amygdaloid complex and caudate putamen, in the habenula, dorsal thalamus and hypothalamus (Fig.  1F) . It was weaker in ventral thalamic nuclei, such as the reticular nucleus (Fig. 1F) , and weakest in the ventricular and subventricular zones throughout the forebrain (Fig.  1F,G) . We extended northern blot analysis into the postnatal period (Fig. 1H) . Three transcripts were recognised by the probe (2.5, 7.5 and 9.5 kb) and levels of expression declined after P9. We probed sections of mouse brains from birth to P20. At P4 and P10, patterns of expression were essentially the same as at E19, the only exception being that hippocampal label was more intense than cortical label (Fig. 1I) . By P20, labelling was generally weak throughout most forebrain regions, as anticipated from the northern blot, the exception being in hippocampus where staining remained high.
We conclude that Etr-r3/mNapor is highly expressed in differentiating cells throughout embryonic and early postnatal development of forebrain. It has been suggested that its domains of high expression correlate with areas undergoing the highest levels of programmed cell death during embryogenesis (Choi et al., 1999) . This is unlikely. The highest rates of embryonic cell death have been reported among proliferating cells (Blaschke et al., 1996 (Blaschke et al., , 1998 Thomaidou et al., 1997) , where expression of Etr-r3/mNapor is lowest. Expression of Etr-r3/mNapor contrasts with that of genes of the mouse-msi family, which are expressed in precursor cells rather than in post-mitotic neurones (Sakakibara et al., 1996) .
Methods
Northern blots of rat RNA were probed with radiolabelled Etr-r3 cDNA at high stringency. For in situ hybridisations, embryos were fixed by immersion and postnatal pups by transcardiac perfusion in 4% paraformaldehyde. Hybridizations were carried out using established methods (Warren and Price, 1997) with antisense and sense (for controls) digoxigenin-labelled riboprobes synthesized from mNapor cDNA.
